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ABSTRACT

An experimental investigation of the flow development of an axisym-
metric jet exhausting into a moving airstream has been made. The jet
has a Reyndlds number of 22,600 and the ratio of the jet velocity to the
wind tunnel velocity (1j) is 5.1 to 1. The flow field of'ghg:axisym—'
metric jet was examined at locations varying from approximately zero
to eight diameters downstream of the orifice. Of primary concern at
each downstream location was the mapping of the one point statistical
properties of the flow, including mean velocity, turbulent intensity,
and intermittency. Autocorrelations and power spectral density cvrves
were determined for both the fluctuating velocity field and the con-
rentration signal at various distances from the jet's center line for
different downstream locations. A laser-Doppler velocimeter, using a
phase locked-loop processor, was used to make the desired velocity
field measurements which were compered with hot wire anemometer and
pressure probe data. To determine the intermittency profiles, velocity-
concentration correlations and concentration power spectra, a laser

light scattering technique was employed.



LIST-OF SYMBOLS

b(x) Radial Distance between .20 U max
location and .80 U max location
D Diameter of nozzle
e Base of natuqal logaq{thms.
£ Frequency of fluétuation;.
F . Spectral density
fD Doppler shift in frequency
f Frequency at which peak in
P spectrum appears
1 Intermittency
kr Wave vector for incident light
ks Wave vector of scattered light
L Longitudinal integral scale
P Velocity of smoke particle
r Radial distance from centerline
of flow
r Half width of jet
r Radius of nozzle
R Autocorrelation coefficient
Re Reynolds number
Ruu= Two point correlation coefficient
Rue Velocity-concentration correlation
coefficient
str Strouhal number
t Time
At Increment in time
u,u’ Velocity fluctuations in longitudinal

direction
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LIST OF SYMBOLS (continued)

Mean velccity at LDV probe position

Free stream velocity

Mean velocitv at centerlire at each
downstream location

Maximum mean velocity of jet at
exit plansa

Velocity fluctuations in radial
direction

Mean velocity in radial directicn

Downstream distance from exit plane
of jet

Scattering angle
Instantaneous concentration fluctuaticn
Ratio of jet exit plane velocity

to free strean velocity

Wavelength of monochromatic laser
beam

Taylor microscale

The mean value of the quantity



INTRODUCTION

*?ith the increasing need for mass urban vapid transit systems,
aerissace desipners have looked to improve the present STOL aad V/STOL
cnpuhili}ie§fi636rder that aircraft can be flown into and from places
vhich.dd.noi have large areas available for long and costly runvays.
Soveral jzi/aerofoil configurations have been proposed which may preove
frasidle in increasing the short take-off and landing capabilities of
aiverait. One of the designs currently under investigation is called

cv-- o surfizce blowing., In this configuration, jet engines are mcuntad
v Lloe uprer surface of the wing. The jet exbhaust is then turned by the
iroconce ©f the wing surface and added 1:ft results. Bowever, the
» I7eting that the wing and any trailing {laps must endure is quitc
voeveore,  “hus the aced exists for a more thorough investigaticen of the

1] £

rrar field" of the jet and how the wing surface affects the jet axhaust.

This investigation deals with the problem of an axisymmetric jet
exlta.sting into a slower moving secondary stream. Presently,
tiec concern is solely in determining the one point statistical properties
in the resaltant flow field. Once this is done, aerofoil type
sureictures can b positioned in the flow to determine their effects on
L one point statistical properties of the jet. This will be the
sulvivet of a 1ater paper. The secondary stream outside the actual jet
Ylow presents the opportunity to simulate dynamic as well as static
coxditions for testing various jet/aerofoil configurations.

D

The =s3in physical features of a subsonic jet are described by Davies.
At the jet orifice, there exists a thin, cylindrical vortex shect which
rapidly develops intu a luver of highly sheared strong turbulemce. This
sottles down to an annulus of strongly sheared, kinematically similar, intense
turbulence susrounding a core of potential flow after approximatcly~1
diasmeter. The statistical and geometric characteristics of the flow
remain similar for another 4 or 5 diameters. A second adjustment region
foliows where the potential core has vanished and the mean shear decreases
rapidlyfz)

'ﬂ;f§_F655¥t is based on the master's thesis cf George D. Catalanc, University
of Virginia, Charlottesville, Virginia, May, 1975.
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Experimental data on the near field problem has increased markedly
in the past few years. Lau and Fisher(3) found that the suggestion of
a vortex street for modelling the structvre of a round turpulggtujet

(4)

is well founded. Sami, Carmody and Rouse through use of measured
distributions of mean flow and turbulence characteristics eQaluated
all terms of the integral and differential forms of the momentum and

(5)

mean energy equations. Sami concluded the investigation by studying
the turbulence energy equation and in addition investigated axial,

radial and tangential scales of turbulence.

In the mixing region of a free jet, Davies frund that the statistical
properties of the turbulence can be expressed in terms of kinematic
similarity relationships based on the jet dizmeter and axial distance
as length scales and the inverse local shear as a time scale. The
turbulent mixing of two jets of fluid of the same density was investigated
theoretically by means of Prandt's theory of turbulence and the results

(6)

compared with experiment by Kuethe. Momentum and mass transfer in

7 They
concluded that material diffuses more rapidly than momentum which was

(8)

in agreement with Alpinieri and that the principal independent vari-

coaxial gas jetswere considered by Forstall and Shapiro.

able determining the shape of the mixing regica is the velocity ratio of
thé.streams. For a two dimensional incompressible mixing layer, Wygnanski
and Fiedler(g) found that the mixing region can be divided into two
reglons, one on the high velocity sidc which resembles the outer part

of a wake and the other on the low velocity side which resembles a jet.

Antonia and Bilger(lo)

in their investigation of an axisymmetric
jet in a coflowing stream found that the turbulence structure of the
flow fadicates that self-preservation does not apply for this situatiorn
and that the flow far downstream depends strongly on the complete past
iscory. Finally, Corrsin and co-investigators have made the most
complete measurements including the temperature as well as the velocity
field of a heated jet,(11-13) Szablewski looked at the diffusion of a

hot air jet in a coflowing stream.(la) ~



INSTRUMENTATION AND TEST FACILITIES

While the pr.nciple of Doppler frequency shift of electromagnetic
wiaves due to scattering by moving bodies has been known for some time,

the first practical arrangements ol laser-Doppler velocimetry were intro-
(15)

< anced in 1964, In recent years, the laser-Doppler velccimeter has
been rapidly developed to measure flow velocities in laminar and turbulent
flows (16-18)

if kt and k are wave vectors of the incident and scattered radiation,
s
and P is the velocity component in the (kS - kr) direction

then the frequency shift fDis

£, = (2P/2 ) sin (8/2)
b o
where B is the angle between the two beams and Ao is the waveleangth of

monochromatic laser becam.

To measure the concentration field of the turbulent jet, a laser

light scattering technique based on the one developed by Rosenueig(lg)

was employed. The system used here was developed and studied in detail

20
_by Shaughnessy.( )

OPTLCAL SYSTEMS

An argon ion laser was used as the light source for botl the velocity
and the intermittency measurements. For a single wavelength operation at
514.5 nm, the maximum power output was 1l watt with a noise level of less
than 1%. The beam's diameter at the ﬁf points was 1.5 mm at the laser h- ad

and approximately 2 mm in the test section.

To determine the velocity field quantities of the flow, the reference

beam mode of operation was employed. The optical system consisted of a



beam splitter and mirror which produce two parallel beams of light, and
a lens with a focal length of 30 cm. A #2 neutral density filter was
placed in the reference beam's path. The control volume for this set up
(21) ’

was found to be 0.05 mm (diameter) x 1 zm (height). The entire
optical assembly was mounted on an aluminum slide which provides movencent
of the control volume in a horizontal direction perpendicular to the jet
and tunnel flow axes. The detection system consisted of 'a photodiode.
with its associated electronics. The diode had an active surface diameter
of 2.7 mm.

To determine the intermittency prefiles, the optical system developed
by Shaughnessy(ZO) was utilized. The design incluézd a lens mirror assenbly
which permitted the selection of wvirtually any sire control volume from -1
mm by .1 mm by .1 mm to 1.5 mm x 1.5 = x 1.5 =m. The detection svstem used
a PIN silicon photodiode with an active surface diezeter of .51 vm wounted be-
hind a spatial filter. The spatial filter asseobly was composed of a simple
lens and an aperture located in the focal plane of the image formed. The
lens of the spatial filter assembly was positioned for.unit magnification.

The effects of ambiguity noise, optical path noise and other
sources of noise on the performance of the laser-light scattering systenm

were discussed by Shaughnessy.(zo)

S1GNAL PROCESSING

In this investigation, the jet was marked with dioctyl phthalate (DOP)
smoke while the tunnel flow was kept clean. Since the Schmidt number was
very high (v 10%), the smoke remained confined to the jet. The only way
clean air could be marked by the DOP was by being entrained into the jet.
Thus, outside the potential core regiorn, the presence of smoke indicated

the presence of turbulence.

When the measurement point was located irn a highly intermittent reogion
(sometimes inside the jet - sometimes not), the signal processor received
a highly intermittent signal. This signal was characterized by periods of
"dead time" (i.e., no smoke particles present) interspersed with Doppler
frequency bursts. To test the response of the clectronic signal processor
to a fiow of this nature, an experimeﬁt was devised which would determine

the accuracy of the statistical properties measured by the phase

7
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locked-loop system. The experiment (c.f; Figure 1) consisted of
initially locating the control volume in an area of the flow field where
smoke particles were present 100%Z of the time. The mean velocity and
the mean square of the velocity fluctuations were recordcd.-.qut, a
rotating disk was inserted in the path of the beam. Incrcasing amounts
of the disk were removed (12.5%, 257 and 50% ) to simulate intermittencies
of 12.5%, 25%, and 50%. The mean velocity and mean square of the velocity
fluctuations, ;7, are noted in abhle 1, The results indicate that the
mean velccity is essentially Zndependent of the value of intermittency
at the control volumn's position. Also the mean square of the velocity
fluctuation is directly proportional to the value of the
intermittency.

It should be noted that only velocities inside tne jet were nmeasured

by this system. Thus the measurements shnuld be considered as "conditionally

sampled."
Table 1
furbulent Intensitcy/
Intermittency Mean Velocity  Turbulent Intensity Intermittency
12 4
(1) () = —
u? U? x I
100% 9.13m/sec 9.75% 9.75%
50% 9.11m/=ec 4.837% 9.66%
25% 9.11m/sec 2.447 9.75%
12.5% 9.11m/sec 1.22% 9.82%

THE FLOW SYSTEM

A jet whose compressed air is marked with dioctyl phthalate (DOP) was
mounted inside the test section of a low turbulence level subsonic wind tunnel
(Figure 2). With the parallel secondary flow in the wind tunnel kept
at a constant speed of 3.20m/sce, the ratio of the exit plane velocity
of the jet to the velocity of the tunnel, (1j), was 5,1 : 1. The jet
with a contraction ratio of 14 to 1 over a length of 15.9 cm. had a

Reynolds number of 22,600 and an exit plane diameter of 2.14 cm.
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Since the experimental design upstream of the jet enit was an
important parameter, several methods were uscd in determining the
actual conditions. First,'smoke (DOP) was injected into the ocuter wind
tunnel flow field and *b& region near the contraction section of the
jet itself was closely monitored. XNo evidence of separation of the
outer {low from the jet was obscrved. Secondly, pitot--static tube
profiles were taken for several x/D locaticas. Two such profiles are
suown .n Figure 3. At x/I} = 0, the mean velocity was zero at the lip
of the jet and then reached the free stream value at approximately 3
radii from the lip. At x/D = 1, the velocity defect had decreased so
that the smallest fluid velocity is about half the value of the free
stream velocity. This trend contineed until at =/ = 6, virtvally no

"defect at all was apparant.

Finally, a pressure probe connected to & 1/8 inch condenser Lype
microphone was traversed along the outside of the contraction section
uf the jet. By the sound produced, it was easy to distinguish between
laminar and turbulent flow. Once again, no evidence of separation of

tunnel flow from the jet assembly was fcund.

EXPERIMENTAL 2ESULTS

In this section, the one point statistical properties of the near

field of a coaxial turbulent jet are described.

MEAN VELOCITY MEASUREMENT

Mean velocity profiles were taken from approximately zevro to e.ght
diameters downstream. These profiles are presented in Figure 4(a).

In this figure the excess local mean velocity, U - U is nornalized

Fs’

by the excess centerline velocity, U and is plotted against

- U..,
max FS
the non-dimensional radius, (r—rm)/b(x). The term L defines the

location where the velocity is the arithmetic average of its centerline
and free stream value, and b(x) is the radial distance between the

locations of U = .20 U and U = .80 U . The .20 U and .8C U
max max max

max
were chosen because they could be determined reliably.

11
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Also in Tigure 4(a), comparison of the data from this investigation and

that of Forstall and Shapiro(l) is made. The data presentcd by Forstall

and Shapiro 1s for a coaxial jet with Ai = 5. A slight variance in the
r-r

profiles is present in the region B0 > 0 where Forstall and Shapiro's

coaxial jet's mean velocity decays a bit more rapidly than is true in

the present investigation.

The spreading of the jet is considered in Figure 4(b). 1In this
plot, the non-~dimensionalized half-width, rm/ro, versus non—dimension-
alized axial downstream distance, x/D, is presented. The agreement
between the results of this investigation and the experimental findings
of Forstall and Shapiro and also with the theoretically predicted curve
by Squire and Trouncer(zz) for a co-flowing jet is quite good. Corrsin's
data is for a free jet. Initially the co~flowing jet spreads faster

than the free jet but after 6 diameters, the trend is reversed.

TURBULENT INTENSITIES

Instantaneously, tlis velocity at a point in a turbulent flow varies
or fluctuates around a mean value. The turbulent intensity is the ratio
of the root mean square of these instantaneous fluctuations tn the

average or mean flow.

The axial and radial distributions of the turbulence intensity

_(uz)11

in terms of core velecitv are shown in Figure 5. Thuse values of
the turbulent intensities have been corrected for ambiguity noise. The
metiod used for determining the ceontribution to the turbulence level of
the finite iransit times of the particles in the control volume is that
developed by Morton(23). Ambiguity noise is similar to the Doppler
ambiguity in the radar technique. It arises because of the finite beam
width of the illuminating laser beam, or the finite transit times of the
smoke particles crossing the beam. For this particular optical arrange-
ment, the ambigulty noise was of the order of 1.7% of the mean velocity.

The turbulent intensities measured are compared to those measured

(2%) (25) (5

by Ko and Davies » Bradshaw et al. s+ and Sami

14
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An impoertant point is discerned from a comparison of the turbulent
intensity and mean velocity profiles. Out to approximately 5 diazmeters
downstream from the exit plane, the maximum intensity occurs near the
radial location of the point of inflection of the mean velocity profile.
This occurs at approrimately 1 radius from the centerline of the jet.

For distances greater than 5 diameters downstream from the nozzle exit
plane, the location of the maximum value of the turbulent intensity

moves out radially as™the mean velacity prcfile tends towards a similavity
form. Similarity means that profiles at any downstream location in

the far field of.thu turbulent jet collapse onuvo each other when

properly non-dimeasionalized.
INTERMITTENCY

Intermittency is customarily defined as the probabilicy that the
flow is turbulent at a particular location in the flow field. 1ln this
investigation, az marked turbulent smoke jet exhausts into a low turbu-
lence level sccondary flow. The Schmidt number, which is defined as the
ratio of the kinematic viscosity of air to the coefficient of diffusivity
of DOP droplets has a value of approximately & x 10% for thitc experiment.
Thus, in the outer region of the jet, the preseice of smoke particles
implies that vorticity exists and that the flow is turbulent. Van Atta(Zh)
has stated that discrimination with respect to a passive scalar may
prove to be operationally superior to using velocity or vorticity for
defining the position of the superlayer. The intermittency profiles

. (5)

presented in Figure 6 are compared to results of Sami .

The increase in the Intermittency in the region r/r0 =1 to
r/rO = 1.5 in Figure 6 indicates the presence of a vortex ring at the

1)

exit of the jet. This is in accordance with Davies( .

LONGTTUDINAL CORRELATIONS

Autocorrelations of the axial velocity fluctuations are taken at
the centerline of the jet and at a distance of 1 radius from the center
of the jet for two downstream locations. The autocorrelation co-
efficient, R, is shown as a function of Qelay time in TFigures 7(a)-(b).

.

17
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There is a slight vaciance in the correlations taken by the author

(27) data. This différence, which will show up

as compared to Laureace's
much more clearly in the spectral density plots, is probably a Reynolds
number effect.

Taylor's hypothesis(28) is used to convert autocorrelations to
longitudinal correlations from which two other ¢* *ntities, the Taylor micro-
scale and the intepral scale, are calculated. ‘the jaylor microscale,

which is an estimate of the length scale associated with dissipation in

a flow, is ottained from the curvature of the longitudinal currelation

curve at zero separation.

The integral scale gives an estimate of the largest scale in Lhe
flow. 1t is obtained by numerically integrating the are~ under thz
longitudinal correlation curve snd multiplying the result by the local

mean velocity.

The values of the Taylor micreoscales znd integral scales are

tabulated as follows:

Table 2

Integral Scales, L, and Taylor Microscales, AT’
At several Axial Positions for r/ro = 0 aud r/ro = 1

X/D Lr/r =0 Lr/r =1 Tr/r =0 Tr/r =1
——— -— O____.. ..____..__0 R,
] 3.435x107 3% —--—- 3.517x10 °m  ~eme-
2 5.283x1073m 1.675%103m 1.728x10-3m 6.023x10~"m
4 6.095x10-3n 3.719x10" 3w 1.8217x1073n 8.563x10 "m
6 6.102x10-3n 5.112x10-3m 1.883x10 ’m 9.346x10""n
8 6.944%107 3 6.735x10"3m 1.867x107 3n 12.096x10""m

o analyze these results, look at the values for the Taylor aicro-
scale at the centerline of the jet as compared to one radius from this

location (r/ro = 1). For distances greater than or equal to two

21



diameters downstream, the Taylor microscale on the centerline remain

fairly constant and somewhat larger than A, determined at r/ru = 1.

T

This non-dependence of AT on the downstream position is what would be

expected in view of the small shears in the region.

At r/ro = 1, AT_does grow with distance downscream. This is not
unexpected in view of the fact that r/ro = 1 is in the mixing region
which is grcwing. Another important point is to ncte that the value cof
AT close to the exit plane of the jet is two orders of magnitude
smaller than the other values for AT at the centerline. At this point

the turbulence level is so low that ambiguity noise predominates. Thus

. . . . 23)
this XT is characteristic of noise rather than turbulence.( )

Focusing attention next on the growth of the integral scale at the
- 245
radial distance of 1 radius from the centerline of the jet, Laurence( /
predicts that the integral scale will increase linearly with downstream

distance which is in agreement with Table 2.

SPECTRA OF TURBULENCE

In order to determinc the spectral density curves, a computer
program is used which takes the Fourier Transform of the autocorrelation
functions. The energy spectral density curves for different downstream
locations at the centerline and 1 radius out from the centerline arc
presented in Figure 8. The profiles are normalized so that the area
underneath each curve is equal to 1. By examining the spectral density
curves for diiferent distances downstream from the nozzle exit planc, the
change in the turbulence spectra is primarily a shift of cnergy from

higher to lower frequencies with increasing x/D Ratio.

In the spectral density plots, the variance of the author's results
as compared to Laurence's data once again suggests that the order of
magnitude difference in the Reynolds numbers for the two flows affected
the distribution of turbulent energy. With increasing Reynolds number
for the same control volume location in the flow, th2re was observed a

shift of energy to higher frequencies.

22
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The appearance of peaks in the spectra at x/D =4 and r/r =0

(24) and Bradshaw et al.(zsd. The

is in agreement with Ko and Davies,
spectrum shape is completely different in the potential core in com-
parison to that found in the mixing region. This may suggest, as has
been theorized that in the core, most of the incroase in énergy is
due to the increase in the pressure field at the dominant frequencies
and very little is due to an increase in the local turbulence level.
The bandwidth of the "bump" broadens as the axial distance increases.
This can be explained by the propagation of the pressure field down-

stream(zg).

The spectral density curves outside the potential core, but in the
mixing region, do not have a "bump" in the energy spectrum. The reason
for this is that the high background turbulence level completely obscures
the relatively small pressure fluctuations. Again, according to Davies,
and also Bradshaw, this indicates that the flat part of the spectrum is
due to local turbulence, while the peak represents mostly the pressure
field. The Strouhal numbers corresponding to the peaks in the spectrums

are compared to those found by Davies in Table 3.

Table 3
o
tr U0
X/D Davies Author
2 .530 .550
4 . .498 .512
& 420 - .398
8 —_—— .165
24



CONCENTRATION-VELOCITY-CORRELATION

The concentration~velocity correlation was alsc -easur

ed in thisg

investigation. No data is available to be used as a comparison. The

concentration-velocity correlation cvefficient Is defined as the

following:

e .

uf ., T
02} p2)e

wlhiere u is the fluctuating velosrcity and 2 is the flu

concentration, both measured at the same point and time in

Three profiles are taken, one at x/D = 2, and the others at

%x/D = 8. These graphs zre presented in Figere 9.

the Zlow.

x/L = 4, z-.4

The significance of the concentration-velocity corrclation is tiat

it indicates how closely related the passive admixture field is with

the velocity field. A zero correlation would indiczte that the

fluctuations in the concentration field are totally independent of tune

turbulent velocity fluctuations. This is th=: case for the
taken at x/D - 2, [r/rol < 0.2. Though both =+ and 4% are
putential core, they are not negligible. The existence of

exit plane is probably due to imperfect seeding. Out from

of the jet, K o initinlly becomes negative ani then chanpes siga. OVt
u

reaches a maximum value at r/r equal to approximately one.
o

profile

smali in tre
53-5: the

the centerIine

Vortices

which would entrain "clean' air from outside the jet and accelerate the

entrained fluid particles would give rise to reqions of negative

concentration-velocity correlation. As the potentiz! core

brezxs up

further downstream, the concentration and velccity fluctuations hecoos

more highly dependent.

CONCENTRATION FIELD SPECTRA

A spectrum of concentration or contaminant fluctwations is producsd

vwhen smoke particles are mixed by turbulent flow field of the jet. 1Qlany

of the same concepts that are used in describing the kinetic energy
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spectrum can be applied to the speectra of the mixing smoke particles.
The scales of the snoke particles fluctuations range from the scale of
the energy-containing eddies to a smallest scale that is dependent on

the ratio of the diffusivities (Schmidt number).(zs)

The spectral density curves for two different values of the x/D
ratio are presented in Figure 10. These curves are taken at Cthe radial
position in the flow field where the intermittency has a value of
approximately 50% (for x/D = 2, r/r0 =1.02; for x/D = 5, r/r0 = 2.36).
Note the dramatic shift of energy from the higher to the lower frequencies

as the flow travels downstream.

MEAN RADTAL VELOCITY MEASUREMENT

Mean radial velccity profiles were taken at three downstream loca-
tions. These profiles are presented in Figure 11l. In this figure, the
local mean radial velocity in terms of the excess centerline veleocity,

\

Umax - UFS

, is plotted against the non-dimensional radius, r—rm)/b(x).

Measurement of the mean radial velocity was much more difficult than
determining the longitudinal component. This caused the scatter for the
radial velocity profiles to be more pronounced than had . been the case

for the U velocity component surveys. The v velocity component was

found to be almost two orders of magnitude smaller than the U component.
The V found here are somewhat higher than that observed by Sami et al.(a)

This is consistent with the fact that the initial spread of

the jet is faster in the coflowing case (c.f., Figure 4(b)) and the fact
that V is "conditionally" averaged. Antonia, Prabhu, and Stephenson(30)
also reported significantly higher radial mean velocities when condition-

ally averaged.

RADTAL TURBULENT INTENSITIES

— -
(v2)*
u

terms of the core velocity, for three downstream locations n?e shown in

he radial distributions of the turbulent intensity, , in
Figure 12. Once again, the radial turbulent intensities have bheen

corrected for ambiguity noise.
27
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The radial turbulent intensities are of the same order of maguitude

-- , and the profiles for each downstream location are quite

similar in shape to the longitudinal intensity plots.

31



SUMMARY

An experimental investigation of the near ficld of a coaxial
turbulent jet was made. Mean velocities, turbulent intensitics, inter-
mittencies, velocity autocorrelations and spectral density curves,
and velocity-concentration correlation coefficients were determined.

The following results were obtained:

1. Uhen non-dimensionalized using the bulf velocity width
and the width of the mixing region, the axial and radial mean velocity
profiles collapscd adequately. There was, however, considerably more

scatter in the radial mecan velocity profiles.

2. Tor downstrecam locations less than x/D = 5, the waximum turbolent
intensity occurs near the radial location of the point of inflection
of the mean velocity profile. This occurs at approximately r/ro =1.0.
For a larger x/D, the location of the maximum value of the turbulent
intensity moves out radially as the mean velocity profiles tend towards

a similar form.

3. The Taylor microscales for the near field of the turbulent jet
were determined. At the radial position r/r0 = 0, the Tavlor micrescale

cemained constant from 2 to 8§ diameters downstream from the exit plane.

4. The integral scales of the turbulent jet flow were determined.

For r/ro = 1.0, the integral scale grew linearly, as had been predicted.

5. The energy spectral density curves had completely different
shapes in the potential core as contrasted to the mixing region. 1in
the potential core, the energy spectrum hal a peak which was due to the
ircrease in the pressure field at the dominant frequencies. In the
mixing region, this "bump" could not be found because it was completely

obscured by the high turbulence level.

6. The concentration~-velocity correlation was determined for the
first time in the near field of a turbulent jet. In the potential core

region, this correlation coefficient was found to be zero.
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